Obesity is a chronic disorder caused by an imbalance of the energy metabolism with high associated burdens. Therefore, huge efforts are being currently devoted in studying new types of hypoenergetic diets and their composition, in order to characterise more specific, long-lasting and safe slimming protocols. A number of investigations are trying to determine the specific influence of the macronutrient distribution in energy-restricted diets on the management of excessive body weight. In this context, very-low-energy diets supplying between 1670 and 3350 kJ (400 and 800 kcal)/d have been beneficial in short-term treatments causing a weight loss of 300-500 g/d. Such strategies place more emphasis on energy restriction than on the macronutrient composition of the diet prescription. Weight loss produced by either low-carbohydrate or low-fat moderately energy-restricted diets ranges from 0·5 to 1·0 kg/week, while diets with high or moderately high protein content have also been applied in weight-reducing programmes by inducing losses of 0·2-0·4 kg/week. Other factors that determine weight loss by dieting are sex, age, initial body weight, race, genetics, regional fat deposition, etc, which must be taken into account to explain the variability in the outcomes of different low-energy diets. Therefore, more research is needed about the impact of diets with different fuel substrates and foods on the characteristics of the weight-loss process.
Introduction
Obesity is a major global health problem that has been associated with highly occurring disorders such as hypertension, type 2 diabetes, hyperinsulinaemia, dyslipidaemia, atherosclerosis and certain types of cancer (Cheah & Kam, 2005) . Indeed, the epidemic of overweight and obesity, which is rising worldwide, inflicts not only a reduced life quality and large healthcare-associated costs, but also an increased risk of death (Wyatt, 2003; .
Nowadays, the increasing Westernisation, urbanisation and mechanisation occurring in most countries around the world are accompanied by changes in the diet towards highenergy-yielding food consumption and a sedentary lifestyle (Popkin, 2001; Gordon-Larsen et al. 2004 ). This shift is also related to the current rapid changes in the rates of childhood and adult obesity (Swinburn et al. 2004) . Trend analysis in relation to obesity suggests that in most countries the majority of the population is less active than they should be for maintaining good health, while they are simultaneously eating more than they need (Jebb, 2005) . Weight gain is considered as a consequence of excessive energy intake as compared with energy expenditure, while successful weight loss depends upon achieving negative energy balance (Walker & O'Dea, 2001) . In this context, environmental influences, such as an inactive lifestyle and the consumption of energy-dense diets, appear of overriding importance on excessive weight gain in addition to genetic predisposition (Kemper et al. 2004; Marti et al. 2004 ).
Drugs currently available are able to help the obese patient lose up to 10 kg body weight within the first year of treatment, but their potential effectiveness in the long term, not least with regard to adverse effects, is unclear (Petersen & Harper, 2004) . Thus, pharmacological therapy is considered as a supplement to lifestyle intervention, which is a commonly used approach to treat the obese patient, through the adherence to specific dietary and/or physical exercise programmes. In fact, weight loss and, more importantly, long-term maintenance of the weight loss, is likely to involve behavioural changes in habits and dietary skills. Indeed, patients with better compliance to a slimming programme tend to achieve a better weight loss than those with poorer adherence (Petersen & Harper, 2004) .
Weight management in the obese may take into account the energy intake and the dietary macronutrient distribution.
Therefore, a number of nutritional approaches and diets with different proportions of lipids, proteins and carbohydrates are being investigated (Table 1) , which may be energy restricted or prescribed ad libitum (Bravata et al. 2003; Plodkowski & St Jeor, 2003; Volek et al. 2005 ). However, not only the different macronutrient composition is of interest, but also the micronutrient content and specific dietary components could also be important (Rodriguez et al. 2005) . Thus, previous studies have shown that dietary fibre improves the benefits of weight-reducing diets (Slavin, 2005) , while PUFA and MUFA are factors contributing to weight loss and preventing weight gain (Grundy et al. 2002; Nettleton & Katz, 2005) . Furthermore, it has been proposed that the glycaemic index of foods can influence body-weight control (Acheson, 2004) . Short-term studies suggest that low-glycaemic index carbohydrates and fibre intake could delay hunger and decrease subsequent energy intake compared with high-glycaemic index foods (Roberts, 2003) . On the other hand, dietary Ca could play a role in controlling body weight, since epidemiological human studies support an association between long-term Ca intake, particularly from skimmed dairy products, and body-weight reduction (Schrager, 2005) .
The present review reports a nutritional perspective about the implementation of different dietary strategies devised for overweight and obesity treatments based not only on energy restriction, but also on changes in the macronutrient distribution of the prescribed diet.
Balanced low-energy diet
The prescription of nutritionally equilibrated low-energy diets is a common strategy for body-weight reduction (Finer, 2001) . These diets are designed according to traditional nutrient recommendations to supply a balanced ratio of protein (10 -20 % energy), carbohydrate (50 -65 % energy), and fat (25 -35 % energy) in reduced quantities to provide an energy intake of 3350 -6280 kJ (800 -1500 kcal)/d (Finer, 2001) .
Hypoenergetic diets can achieve short-term weight loss, but often the slimming process is not sustainable in the long term (Pirozzo et al. 2002) . The comparison of different nutritional strategies designed to produce weight loss suggests that specifically fat-restricted diets were no better than traditional energy-restricted diets in achieving longterm weight loss in overweight or obese individuals (Fig. 1) .
A typical intervention study (Labayen et al. 2004 ) conducted in obese women (BMI . 30 kg/m 2 ), who followed a 10-week balanced dietary hypoenergetic intervention regimen, was able to induce a body-weight loss of 4·2 (SD 1·1) kg, while the percentage body fat decreased by about 5 %. Another conventional trial evaluated during 2 months the efficacy and safety of a moderately hypoenergetic diet based on the Mediterranean diet model by assessing the changes in body composition and in the metabolic profile in obese women (De Lorenzo et al. 2001) . Following such a diet, body weight decreased 2 4·9 (SD 0·9) kg and basal insulin decreased significantly too, indicating that balanced low-energy diets prevent loss of fat-free mass and improve metabolic parameters in obese individuals.
Conventional balanced low-energy diets seem to be most efficient when prescribed in addition to group therapy than other more restrictive diets (Arai et al. 1992) , but the longterm success of dietary treatment for obesity based upon these approaches is unclear (Monnier et al. 2000) .
A study about the effect of energy restriction and diet composition on weight loss and changes in plasma lipids and glucose levels concluded that all energy-restricted diets improve glycaemic control independently of diet composition, while only the lipoprotein profile was affected by the macronutrient composition (Heilbronn et al. 1999) .
However, the traditional nutritionally adequate lowenergy diets frequently failed to promote stable weight losses, and the explanations for such limited success were mostly the 'poor adherence' to specific low-energy diets. Despite that, it has been reported that following a balanced but energy-restricted diet is accompanied by increases in fat utilisation (Labayen et al. 2004) , weight loss induced by a balanced energy-restricted diet reduces BMR, which makes the maintenance of the slimming process difficult (Stubbs et al. 1996) .
Very-low-energy diets
Very-low-energy diets (VLED) provide less than 3350 kJ (800 kcal)/d, being designed to cover the daily allowances of all essential nutritional requirements (Foster et al. 1992) . The purpose of VLED is to achieve a large weight loss, while providing adequate nutrition and preserving vital lean body mass (Mustajoki & Pekkarinen, 2001) , averaging weight losses of 20 kg in 12 weeks in some cases (Wadden et al. 1983) . The VLED are used in weight reduction programmes in many obesity clinical settings, but their usefulness in the treatment of obesity is not fully established. The applications of this kind of diets have no apparent serious harmful effects and can safely be used in patients suffering chronic diseases under supervision Hart & Warriner, 2005) . Hence, VLED are used when rapid weight loss is needed because of an obesity-related disease or for bariatric surgery preparation (Mustajoki & Pekkarinen, 2001) . A VLED can be based on normal food when a protein source, vitamins and trace elements are added (Wadden & Stunkard, 1986) . The amount of daily carbohydrate intake in VLED preparations varies from 10 to 80 g, but the optimal amount of carbohydrate has not been established at present. An argument for low carbohydrate content is the fact that there is better protein sparing and fat mobilisation; however, this issue is still controversial despite early studies in this area (Wadden et al. 1983) . Daily fibre intake varies from almost nothing to 20 g and the amount of fat supplied differs from 1 to 20 g (Kamrath et al. 1992) .
The major problem to be resolved is the long-term maintenance of the large weight losses achieved with these diets (Wadden et al. 1983) . In fact, VLED lead to greater initial weight loss, but the long-term outcome seems to be no better than more moderate energy-restricted diets Hensrud, 2004) . Metabolic rate and fat-free mass decrease secondary to rapid weight loss in patients after a VLED compared with moderate energy-restricted diets (Wadden et al. 1990 ). On the other hand, the combination of a VLED with a moderate energy-restricted diet, behaviour modification or medications does not improve long-term results produced by diet alone (Mustajoki & Pekkarinen, 2001 ). However, it has been reported that ongoing, intermittent use of a VLED might improve long-term results (Lantz et al. 2003) .
The application of behavioural therapies with and without VLED programmes revealed that the mean weight loss ranged from 9·2 to 19·3 kg and the non-VLED programmes ranged from 6·2 to 14·3 kg (Mustajoki & Pekkarinen, 2001 ). Studies with 1-or 2-year follow-up have shown a mean weight loss of 7·2-12·9 kg with VLED and 5·7 -9·5 kg without VLED (O'Neil & Jarrell, 1992) . Thus, no trial has conclusively shown that the long-term VLED are better than non-VLED programmes (Mustajoki & Pekkarinen, 2001 ) because weight loss is rapidly regained (Wing, 1995; Hensrud, 2004) . Ryttig et al. (1997) compared the weight loss on a balanced low-energy diet to that of a VLED after 2 months of treatment and further compared the weight maintenance after 26 months in obese patients. During the first 2-month period, the mean body-weight loss in the VLED group was 18·9 (SD 7·1) kg compared with 7·2 (SD 4·8) kg in the hypoenergetic diet-treated group. Weight losses and dropout rates were similar in all groups. Previously, Kekwick & Pawan (1956) looked for the factor with the greater effect on weight loss by VLED: restriction of energy or alteration in the proportions of macronutrient through different series of diets. In the first series, the proportions of protein, carbohydrate and fat were kept constant and the intake of energy was varied. In all of them protein supplied about 20 %, fat 33 % and carbohydrate 47 % of the energy. In diets of the second series, the patients followed dietary patterns in which the energy intake was kept constant at 4180 kJ (1000 kcal)/d and 90 % of it was provided, in turn, by carbohydrate, fat or protein. They found that weight loss was proportional to the deficiency in energy intake when the proportions of macronutrients were kept constant at each level of energy restriction, while when energy intake was constant at 4180 kJ (1000 kcal)/d, the rate of weight loss varied greatly on diets of different composition (Kekwick & Pawan, 1956) .
The comparison of a 3350 kJ (800 kcal) mixed diet and a 3350 kJ (800 kcal) ketogenic low-carbohydrate high-fat diet on the composition of weight loss for 2 weeks revealed that subjects on the 3350 kJ (800 kcal) ketogenic diet lost 466·6 (SE 51·3) g/d, while on the isoenergetic mixed diet, which provided carbohydrate and fat in conventional proportions, they lost 277·9 (SE 32·1) g/d (Yang & Van Itallie, 1976) . Interestingly, these researchers found that the mean quantity of fat lost during the ketogenic diet was 163·4 g/d, compared with 166·7 g/d lost during the isoenergetic mixed diet, and the differences should be related to distinct water losses. On the other hand, Wadden et al. (1985) compared two VLED: protein-sparing modified fast v. protein-formula liquid diet. Both diets provided about 1670 kJ (400 kcal) daily. Analysis of the appetite data showed that protein-sparing-modified-fast subjects reported significantly less hunger and concerns with eating than liquid-diet subjects during 2 out of the 4 weeks on a VLED. Although the energy intake was similar, the form seemed to be crucial for the therapy success (Wadden et al. 1985) .
At the moment, there is a general agreement that VLED should not be used alone, but always in connection with cognitive and behaviour counselling for permanent lifestyle changes (Mathus-Vliegen, 2005) . During short periods of time, these diets are an alternative to other conservative weight-reduction programmes in patients who meet the indications, although research about the best formula for this type of diet is needed to improve the adherence.
High-fat and low-carbohydrate diets
High-fat diets are also being currently studied as an alternative in the nutritional treatment of obesity (Dansinger et al. 2005) . These diets are commonly referred to as lowcarbohydrate diets, since they usually contain a relatively low proportion of carbohydrate (Jebb, 2005) . The content of fat is usually about 45 to 65 %, while the carbohydrate content can be , 30 % as energy per d (Fig. 2) .
There is a widespread and growing interest in high-fat diets (for example, the 'Atkins diet') in relation to other more conventional approaches (McAuley et al. 2005) . Individuals are attracted to follow low-carbohydrate diets because they are prone to think that energy intake is not important in a slimming programme and that they can eat as much fat as they like and still lose weight (Roberts, 2001; Ornish, 2004) . The mechanisms responsible for decreased energy intake as induced by a low-carbohydrate diet with unrestricted protein and fat intake are not completely elucidated, but the higher consumption of protein may play a role in limiting food intake, through changes in plasma or central satiety factors or through other specific mediators that affect appetite and dietary adherence (Foster et al. 2003; Mithieux et al. 2005) . This fact raises the possibility that a very-low-carbohydrate diet, normally associated with a high protein intake, could be more satiating. Many short-term studies suggest that individuals on low-carbohydrate diets voluntarily reduce their food intake (Volek et al. 2000) . Energy intake restriction can also be related to the monotony or simplicity of the diet, because food carbohydrate choices are greatly limited by the requirements of minimising carbohydrates intake (Brehm et al. 2003; Samaha et al. 2003) . Freedman et al. (2001) stated that individuals consuming high-fat, low-carbohydrate diets may lose weight because the intake of protein and fat is self-limiting and overall energy intake is decreased. Many individuals following this diet successfully lose weight in the short term; however, few can sustain the significant dietary and lifestyle changes required to maintain losses over the long term (Wilkinson & McCargar, 2004) . Furthermore, restricting carbohydrates involves fat mobilisation producing ketone bodies. In this condition, the key benefit is that blood glucose and insulin levels are reduced, and appetite is suppressed. Several authors contend that a high-fat, low-carbohydrate diet results in weight loss, body fat loss, preservation of lean body mass, and correction of serious medical complications of diabetes (Bernstein, 1997) , heart disease, and high blood pressure (Atkins, 1992) . Indeed, the low-carbohydrate diet brings a dramatic weight reduction within the first few days, but much of this weight is a loss of glycogen and protein accompanied by a depletion of large quantities of water and minerals. Still, for many individuals the low-carbohydrate diet is apparently believed to be associated with a greater weight loss with less effort than conventional or highcarbohydrate diets in the longer term (Bravata et al. 2003) ; despite that, controlled trials have only recently been carried out concerning this issue following energy restriction or ad libitum approaches (Fig. 2) .
In this context, Foster et al. (2003) conducted a trial to evaluate the efficacy of a high-fat low-carbohydrate diet on weight loss. Obese men and women were randomly assigned to either an ad libitum low-carbohydrate, highprotein, high-fat diet (without restricting consumption of fat and protein) or a low-energy, high-carbohydrate, low-fat diet designed to contain 5020 -6280 kJ (1200 -1500 kcal)/d for women and 6280 -7530 kJ (1500 -1800 kcal)/d for men (60 % carbohydrate, 25 % fat, 15 % protein). In the high-fat group, carbohydrate intake was limited to 20 g/d for the first 2 weeks and then it was gradually increased until a stable and desired weight was achieved. Subjects on the lowcarbohydrate diet lost more weight than subjects on the conventional diet at 3 months (2 6·8 (SE 5·0) v. 2 2·7 (SE 3·7) % body weight) and 6 months (2 7·0 (SE 6·5) v. 2 3·2 (SE 5·6) % body weight), although the differences at 12 months were not significant. The analysis of the differences in weight loss in this trial demonstrates an overall greater energy deficit in the low-carbohydrate group, which contrasted with the instructions to reduce energy intake in the conventional-diet group (Foster et al. 2003) . Additionally, Brehm et al. (2003) found a spontaneous restriction of food intake in a high-fat low-carbohydrate group to an equal level to that of the control subjects, who were following a prescribed restriction of energy. In this intervention trial, obese volunteers were randomised to follow during 6 months either an ad libitum very-lowcarbohydrate diet or an energy-restricted diet with 29 % energy as fat. The very-low-carbohydrate group lost more weight (2 8·5 (SE 1·0) v. 2 3·9 (SE 1·0) kg) and more body fat (2 4·8 (SE 0·67) v. 2 2·0 (SE 0·75) kg) than the low-fatdiet group after 6 months (Fig. 2) .
Later, Stern et al. (2004) reported preliminary results at 6 months and final results at 1 year on obese individuals following a high-fat low-carbohydrate regimen. Participants received counselling to either restrict carbohydrate intake to less than 30 g/d or to restrict energy intake by 2090 kJ (500 kcal)/d with less than 30 % energy from fat. Individuals on the low-carbohydrate diet maintained most of their 6-month weight loss, whereas those on the conventional diet continued losing weight throughout the year. The final weight loss at 1 year was not different between both strategies.
Furthermore, Yancy et al. (2004) fed overweight, hyperlipidaemic volunteers either a low-carbohydrate diet (less than 20 g carbohydrate daily) or a low-fat diet (with less than 30 % fat, , 300 mg cholesterol daily and a deficit of 2090 -4180 kJ (500 -1000 kcal)/d) to induce weight loss. After 24 weeks of treatment, weight loss was greater in the low-carbohydrate-than in the low-fat-diet group (mean change, 2 12·9 v. 2 6·7 %). Patients in both groups lost substantially more fat mass (change, 2 9·4 kg with the lowcarbohydrate diet v. 2 4·8 g with the low-fat diet) than fatfree mass (change, 2 3·3 v. 2 2·4 kg, respectively). McAuley et al. (2005) compared in a randomised trial a high-fat, a high-protein and a conventional diet in overweight insulin-resistant women. Body weight, waist circumference, triacylglycerols and insulin levels decreased with all three diets, but, apart from insulin, the reductions were significantly greater in the high-fat and high-protein groups than in the conventional-diet group.
On the other hand, the type of fat in the diet may play an important role (Mozaffarian, 2005) . Thus, higher proportions of PUFA have been associated with improvements in cardiovascular risk factors (Nettleton & Katz, 2005) .
No definitive evidence exists to suggest that high-fat lowcarbohydrate diets have a metabolic disadvantage over more conventional diets for weight reduction . Studies consistently show that under conditions of negative energy balance, weight loss is more a function of energy intake, rather than diet composition. In some cases, individuals on high-fat low-carbohydrate diets appear to lose weight because they consume less energy.
High-carbohydrate and low-fat diets
Low-fat diets are specifically designed to promote weight loss through a reduction of fat consumption in order to decrease energy intake, which is usually accompanied by a high or moderately high carbohydrate supply (Strasser & Pichler, 2004) . These high-carbohydrate low-fat diets are based primarily on the intake of vegetables, fruits, whole grains and beans, non-fat dairy products and small amounts of white flour, sugar and animal protein, which may benefit from a rotating model for changing the variety of specific food groups (Raynor et al. 2004) . The low-fat approach has been applied either in energy-restricted protocols, but also in ad libitum strategies .
Diets with a high carbohydrate (low fat) content may provide protection against weight gain, but if the diet is rich in sugar, this association may not apply (Swinburn et al. 2004) . Simple sugars have hedonistic value and sweetening increases the palatability of many foods, which may lead to overconsumption (Drewnowski, 1999) . Research in this area is complicated by the diversity of dietary carbohydrates, which may be identified on the basis of their fibre content, proportion of whole grain, non-milk extrinsic sugar or added sugar content (Jebb, 2005) .
There are important associations between the type of carbohydrate consumed and the risk of metabolic diseases (Jebb, 2005) . Ad libitum programmes based upon low-fat product intake have shown that the nature of the carbohydrate content, (single v. complex) could be involved in the weight evolution . Low-fat highcarbohydrate diets usually mean consuming more highcomplex carbohydrates and high-fibre foods due to the reduced energy value of these compounds as compared with lipids . This low energy density strategy enables individuals to eat as much as they want, and to lose weight safely without apparent hunger (Freedman et al. 2001) , while low-fat energy-restricted diets combine a reduced fat intake within a hypoenergetic diet.
The prescription of hypoenergetic low-fat diets to reduce body weight with at least 55 % of the energy coming from carbohydrates has shown that a reduced content from fat (, 25 %) is associated with similar (Pelkman et al. 2004; Petersen et al. 2006) or lower weight losses (McManus et al. 2001; Volek et al. 2004) , although a specific role from carbohydrate (quality and quantity) or protein intake should not be discarded in such experimental outcomes (Figs. 1, 2  and 3) . Also, the fatty acid composition, i.e. long-chain triacylglycerols v. medium-chain triacylglycerols (Kasai et al. 2003; St-Onge & Jones, 2003) , or the MUFA v. PUFA content (Colette et al. 2003; Pelkman et al. 2004) , of the slimming diets could be involved in the weight-loss evolution (Fig. 3) . Hays et al. (2004) designed a study to examine the effect of a 12-week ad libitum high-carbohydrate diet with different fibre content. A control diet (1·7 g fibre/1000 kJ; 7 g fibre/1000 kcal) and a high-carbohydrate diet (6·2 g fibre/1000 kJ; 26 g fibre/1000 kcal) were investigated (Fig. 4) . The low-fat groups with fibre lost more body weight (2 3·2 (SEM 1·2) kg) and a higher percentage of body fat (2 2·2 % (SEM 1·2) %) than controls (0·1 (SEM 0·6) kg and 0·2 % (SEM 0·6) %) respectively, even with no measurable decrease in total energy intake.
Also, Poppitt et al. (2002) studied the long-term effects of an ad libitum high-carbohydrate low-fat diet. Thus, subjects with metabolic risk factors received a control diet, a high-complex-carbohydrate low-fat diet or a high-simplecarbohydrate low-fat diet for 6 months. Between 0 and 6 months, body weight changed by 1·03, 2 4·25 and 2 0·28 kg in the control, complex-carbohydrate low-fat, and simplecarbohydrate low-fat groups, respectively. Only in the complex-carbohydrate low-fat group did the BMI decrease significantly . These findings are complemented by data from a study of Saris et al. (2000) , in which moderately obese adults were allocated for 6 months either to a seasonal or a control group (no intervention) or to two experimental ad libitum groups with different carbohydrate nature (simple v. complex). Body-weight loss in the high-simple-carbohydrate low-fat and highcomplex-carbohydrate low-fat groups was 0·9 and 1·8 kg, while the control and seasonal groups eventually gained weight (0·8 and 0·1 kg) along the trial (Fig. 4) . Another study from Mueller-Cunningham et al. (2003) demonstrated that adherence to a high-carbohydrate verylow-fat diet (less than 15 % energy intake) that was consumed during an 8-month period ad libitum caused weight loss in the 5 -10 % range, while the decrease in percentage body fat was of 2·7 (SD 0·2) %. Because of a possible reduction in vitamin E and n-3 fatty acid intake, emphasis on foods with high content in these nutrients may need to be encouraged for those consuming a highcarbohydrate very-low-fat diet. So, the effects of the inclusion of long-chain triacylglycerols and medium-chain triacylglycerols in diets with a relatively high content of carbohydrate (. 50 %) and low lipid content have been explored in two independent intervention trials (Kasai et al. 2003; St-Onge & Jones, 2003) , which have revealed that medium-chain triacylglycerols intake may produce a greater fat oxidation leading to a higher weight loss despite ad libitum feeding (Fig. 3) . Comparing the effect of low-and high-fat diets on nutrient intakes, it was concluded that lowfat diets may not provide sufficient energy, essential fatty acids and micronutrients (especially vitamin E and Zn) for healthy untrained individuals. Interestingly, increasing fat intake to 50 % of energy improved nutritional status, and did not negatively affect some cardiovascular risk factors (Meksawan et al. 2004) . Ad libitum, fat-reduced diets seem to be effective in preventing weight regain after weight loss and can induce a weight loss of about 5 -10 kg . Anderson et al. (2000) suggested that diets low in saturated fat and high in carbohydrate and dietary fibre significantly improve health by increasing insulin sensitivity and lowering the risk of CVD.
The current evidence suggests that low-fat standardcarbohydrate diets are safe, efficacious for weight loss, and improve cardiovascular risk profiles, but it is important that these type of diets should be based on complex carbohydrates and fibre (Fig. 4) , not sugar, and that moderate fat intakes should include mainly monounsaturated and polyunsaturated fats (avoiding trans or saturated fats). Moreover, the role of low-fat hypoenergetic diets may be different than when applied in ad libitum conditions for preventing weight gain .
High-protein low-carbohydrate diets
High-protein low-carbohydrate diets are gaining popularity, although there is still insufficient evidence to make recommendations for or against the use of these diets. These dietary approaches have been proposed as an alternative to conventional diets, in order to reduce or treat the risk of obesity, CVD and type 2 diabetes mellitus (Noakes et al. 2005) . These nutritional plans commonly advocate dramatic reductions in carbohydrate intake coupled with high fat consumption producing a ketotic acidosis, which could be involved in the appetitesuppressing effect (Bravata et al. 2003) .
High-protein low-carbohydrate diets are effective for weight loss (Fig. 5) as demonstrated by Skov et al. (1999) , who found a higher reduction in body weight (8·9 v. 5·1 kg) when offered on an ad libitum pattern during 6 months between a high-protein diet (25 % energy) as compared with a normal-protein diet (12 % energy). Also, another study designed by Samaha et al. (2003) was carried out with subjects assigned to a high-fat low-carbohydrate diet providing a moderately high protein content (22 % energy) as compared with a traditional supply of protein (16 %). The subjects assigned to the normal-protein diet were advised to reduce energy intake sufficient to create a deficit of 2090 kJ (500 kcal) per d, with 35 % or less of total energy derived from fat. Compared with the subjects on the control-protein diet, subjects on the moderately high-protein diet reported a non-significantly greater reduction in energy intake. This intervention trial revealed that subjects on the diet containing more protein lost more weight during the 6-month study than those on the control-protein diet did (2 5·8 (SD 8·6) v. 2 1·9 (SD 4·2) kg), which may be also explained by differences in the fat and carbohydrate content between both diets (Fig. 5 ).
An increase in dietary protein from 15 % to 30 % energy with a constant carbohydrate intake results in significant weight loss (Parker et al. 2002; Weigle et al. 2005) . However, a systematic review reported that the weight loss is associated with the duration of the diet and the restriction of energy intake with no association to carbohydrate restriction itself (Freedman et al. 2001; Luscombe et al. 2003) . In this context, Due et al. (2004) compared 6 months of ad libitum high protein intake (25 % energy) with a diet of medium protein content (12 % energy), reporting that a fatreduced high-protein diet had more favourable effects on body-weight loss, providing a better long-term maintenance of reduced intra-abdominal fat stores (Due et al. 2004 ). Furthermore, Johnston et al. (2004) compared two 6-week low-fat energy-restricted diets: high-protein (30 % energy) or high-carbohydrate (60 % energy). They found that both diets were equally effective at reducing body weight and fat mass. However, subjects consuming the high-protein diet reported more satisfaction and less hunger.
Another study conducted by Layman et al. (2003) examined the efficacy of two hypoenergetic diets with modified carbohydrate:protein ratios on the weight-loss process. After consuming the diets for 10 weeks, they demonstrated that increasing the proportion of protein to carbohydrate in the diet of adult women has positive effects on body composition and satiety during weight loss.
Despite it being known that high-protein low-carbohydrate diets produce an increased weight loss over 3 -6 months, the long-term results are unclear . The carbohydrate restriction produces a depletion of glycogen stores leading to excretion of bound water, and a ketogenic effect. The satiety effect of proteins and the boredom related to the diet are involved in the rapid weight loss due to spontaneously reducing food intake . Moreover, it was suggested that the weight loss could be partially produced by the thermogenic effect of proteins (Mikkelsen et al. 2000) . However, this fact apparently only involves a small fraction of the observed weight loss . Moreover, high-protein diets with more than 30 % energy as protein have been described as potentially harmful for the renal function, limiting the design of these strategies to induce weight loss (Martin et al. 2005) ; however, this issue remains to be elucidated, since no severe adverse effects have been reported so far.
Therefore, high-protein low-carbohydrate diets, which in some cases approach the high-fat low-carbohydrate models, look to be effective in the short term, but the long-term effects, not only on weight loss, but also on health and disease prevention are unknown; because of that, there is insufficient evidence to make recommendations for or against these types of diets.
Conclusions
In summary, different dietary approaches based upon changes in the macronutrient distribution rather than food restriction to treat obesity are becoming increasingly popular because they might favourably affect weight loss and the lipid profile. Therefore, regimens based on energy restriction and different macronutrient composition have been investigated with different success rates to be implemented in obese subjects in order to reduce and maintain weight losses. These diets, when energy is restricted, produce a moderate weight loss of about 0·5 -1·0 kg/week, but when consumed ad libitum, and guided to low fat consumption or a high fat -low carbohydrate intake, produce an average weight loss of 0·2 -0·4 kg/week. However, there are several factors that determine weight loss induced by diets with different composition, such as the genetic predisposition, concomitant diseases and environmental influences. The current available evidence is insufficient to make recommendations for or against the use of low-carbohydrate high-fat or highcarbohydrate low-fat diets and further research is necessary, as well as an individualised design of the nutritional therapy to get adherence. 
